Introduction

(Traduit par le journal]
Loblolly pine (Pinus rueda L.) is currently the leading commerical timber species in the southeastern United States. Because of its economic importance. much research has been conducted to determine the effects of controlling competing vegention on its growth. Survival and growth have been correlated with relatively specific levels of arborescent competing vegetation. Grano ( 1961) found 24-month survival of I-yearold loblolly seedlings to be significantly correlated with percent of hardwood cover. Ferguson (19%) reported that lst-year survival of planted lobiolly seedlir& improved with increasing levels of vegetation elimination during dry seasons and that height growth increased roughly in proportion to the degree af elimination. The effect of nonarborescent vegetation on loblolly pine growth is not extensively documented, however, and researchers have only recently begun to study.these effects. In a study involving 7-year-old precommercially thinned toblolly pine, Clason (1978) found that after 5 years of controlling both hardwoods and grasses, pine diameter growth was increased more than when only hardwoods were controlled. Removing only herbaceous vegetation induced no additional growth. Knowe er al. (1982) . however, found that control of herbateous weeds in the vicinity of I-to 2-year-old loblolly pines dramatically improved growth, and Nelson ef al. (198 1) found that height growth response of young loblolly seedlings was significantly related to percent ground cover of weeds and herbaceous biomass. Competing vegetation is thought to bring about its effects primarily by decreasing water and mineral nutrient availability, and perhaps also by less well understood allelopathic effects. These alterations in the soil environment are most obviously expressed through reduction in pine growth. The effects of such factors on pine respiration and photosynthesis have heen demonstrated (Btix 1962) . As a consequence of such findings, at least partial control of competing vegetation is a standard practice in the establishment of commercial pine stands, and current trends are toward increased vegetation elimination. Specific ecophysiological relationships between loblolly pine and arhorescent and nonarhorescent competitors are not, however, well defined. This study, which was conducted over the period of June to September 1980, was designed to .deterrnine the effect that varying degrees of arborescent and nonarhorescent competition had on the moisture and nutrient status of S-year-old iobtolly pines growing in central Alabama.
Study areas TWO study sites with different soil types were chosen. One site was on the Piedmont Plateau near Auburn. in east Alabama. and the other was 24 km to the south on the Upper Coastal Plain. Both sites sup Ported S-year-old loblolly pine plantations grown from seedbngs transplanted from the same nursery.
The Piedmont location. a constant 7% slope. wab Site prepamd for planting by felling vegetation with a K-G blade and bulldozing the sbeated vegetation into windmws. The soil was a Hiwasee sandy loam (Typic Rbodudult) with a sandy foam surface soil varying in depth from about 3 cm on the more clcvated end of the slope to 20 cm at the lower end. The subsoil was reddish-brown clay to a depth of 45 cm and dark red clay to a depth of I 10 cm.
The Coastal Plain site. a 9% slope on the average. but located at the base of a hill, was site prepared for planting by injection of hardwoods with 24dichlorophenoxyacetic acid (2.4-D). The soil was a Cowarts loamy sand (Typic Hapludult) with a loamy sand surface soil extending to a depth of about 22 cm over sandy clay loam to a depth of 40 cm and sandy clay to 70 cm.
Met hods
Selection of experimenIa1 units
Twenty-five loblolty pines. t .8 to 3 m tail. were selected at each location as experimental units. All trees had significant amounts of both atkmscent and nonarborescent vegetation growing near their trunks and were large enough to withstand folk sampling over the summer. Distances between trees were sufficient to ptevenf treatment overlap. Trees wete assigned to five blocks (five trees each) from the upper region of the slope to the lower.
Treatments
Tozatments were randomly assigned within each block. Tmtments 
Field methods
Moniroring of pine wafer srress
Xylem pressure potential (XPP) was measured with a Scholandertype pressure bomb (Scholandcr er of. 1965) similar to that used by Waring and Cieary (1967). P&awn measurements were made between 0330 and 0530. usually beginning I to 4 days after a rainfall and continuing daily until rain fell again. Measurement days were alternated between sites. Needle fascicles from the previous year's growth were cut from the middle to lower one-third of each tree for use in XPP measurements. Only one fascicle per ttee was used unless a clearly de&cd pressure endpoint could not be obtained. Procedure followed was similar to that described by Johnson and Nielson (1969). Occasional spot-cheek eotnparisons of XPP values between faseicles eolleeted from the same region of a given pine and between fasc&s collected from the middle and lower thirds of the trre indicated a variability within and between these regions of less than -C 0.05 MPa.Z A rain gauge was installed at each site and checked after each rainfall so that pint water stress could be evaluated with reference to amounts of rainfall and length of dry periods. A total of I I80 usable XPP values were obtained between June I9 and October 4.
XPP was monitored for I7 h on September 27 during a severely dry period at the Piedmont site. Pressure-bomb measurements began before sunrise and were made approximately every 3 h until after sunset. A similar set of measurements was to have been made at the Coastal Plain site on September 28. but an early mowing rainstorm on that date alleviated the previously severe drought conditions. Soil samples were collected at both locattons on or about June 16. Foliar phosphorus was determined by the vanadomolybdate method of Jackson (1958) . One millilitre of extract was diluted with 9.0 mL of vanadomolybdate diluted reagent. Thirty minutes were allowed for development of the yellow color. then absorption was read at a wavelength of 425 nm with a specttophotometer. Owing to small amounts of material available, duplicate foliar nutrient analyses were not attempted.
Total N was determined on soil and foliage samples by digesting 0.5 g of air-dried soil or 0.1 g of ground foliage in a Kjeldahl digestion mixture using an aluminum block at 330°C. Duplicate soil samples were anal+. but there was insufficient material for analysis of duplicate foliage samples. NH, concentration was determined using an ammonia electrode with an OriontR) 901 microprocessor ionanalyzer. The literature teports close agreement of nitrogen values obtained by the ammonia elatrode with those obtained by distillation and titration (Bremmer and Tabatabai 1972; Eastin 1976) .
In determining potentially available soil water, undistuthed cores (5.4 cm diameter X 6 cm deep) were extracted from the vicinity of two unit trees at each study site. Soils in the uppermost and lowermost blocks wen sampled at 50 cm from the trunks. Duplicate sets of cores comprising the depth segments O-6.6-12. 12-18. and 18-24 cm were collected. Water retention capacities were determined on these cores at 0.033 and 1.5 MPa of pressure using a tension-plate method. Percent available water was calculated on a volume basis (cubic centimetres per cubic centimctres). cOnly qxcies with mcatt &a! wza greater thw 100 c:n'/tn? or -tiomas~ grczttr thzn i C g/m' zrc liitd
Results and discussion
The most important competing arborescent and nonarborescent species on basal area and biomass bases, respectively, are listed for each site in Table 1 . Vines were the most important nonarborescent competitors at each site. Geses were relatively mote important as competitors on the Coastal Plain than on the Piedmont.
Pine moisture stress
Complete elimination of competing vegetation within I .5 m of the pine (treatment 1) consistently inked lower predawn moisture stress levels (higher XPP's) than the no-elimination treatment (treatm.cnt 5) over the entire experimental period (Table 2, Fig. 2 ). This is attributable to decreased transpirational water loss from the soil. XPP differences: would be expected to be greater if entire stands were treated rather than individual plots, due to the absence of possible edge effects caused by vegetation outside our 3 m diameter treatment plots.
Highest predawn moisture stress levels on the Piedmont site were -1.08 and -1.06 MPa for treatments 3 and 5. respectively on September 27 flable 2). Highest stresses on the Coastal Plain were -0.90 and -0.92 MPa for treatments 4 and 5 on August 28. At both sites, stress levels were highest during the longer dry periods (Fig. 2) . Daily XPP values differed at each site due to differences in occurrence and amounts of rainfall received at' the locations. During the experimental period, rainfall at the Piedmont site occurred on 19 days and totailed 3 1 cm and at the Coastal Plain site odcurred on 17 days and totalled 26 cm. Rain was rarely received at both sites on identical dates.
During the longest dry period at the Piedmont site (August 18 to 30). the mean moisture stress regime for treatments rcmained constant with treatment 5 >3 >4 >2 > 1. On the day with the highest observed stress levels (August 30), both trcatmen@ 1 and 2 induced pine moisture stress levels significantly lower than those for treatment 5. Moisture stress levels induced by treatments 1 and 2 were also significantly lower than those Effects on the Coastal Plain were often similar to those on the r'iedmont. Linear correlation coefficients (r) between predawn XPP during the longest dry period and several parameters for quantifying degree of competition are presented in Table 3 . At the Piedmont site. each parameter was significantly corrclatcd (p < 0.05) with XPP. The most highly correlated parameter was dry weight of total competing vegetation (r = 0.70) followed by both dry weight of nonarborescent (r = 0.67) and fresh weight of nonarborescent vegetation (r = 0.67). Only dry weight of total vegetation was significantly correlated with predawn XPP at the Coastal Plain site. Most of the observed differences between sites were thus attributable to the fact that on the Coastal Plain 90% (fresh weight) of the total vegetation was arborcsccnt. whereas on the Piedmont only 59% was arboresccnt (Table 4) . Illustrative of this difference is the fact that removing nonarborescent vegetation within 0.5 m of the tree (treatment 2 vs. treatment 3) at the Piedmont site where 41% of the competing vegetation was nonarborescent but did not significantly affect stress on the Coastal Plain where only 10% was nonarborescent. At the end of the dry period of September 20 to 27 at the Piedmont site, the drought was so severe that only removal of all vegetation (treatment I) resulted in significantly lower stress levels (Table 2) .
Pines subjected to the higher moisture stress levels of tteatments 3,4, and 5 would be expected to exhibit reduced growth owing to decreased cell turgor. more so than pines subjected to treatments 1 and 2. It is possible that small but statistically significant differences in high or low stress levels have a neg- ligibie biological effect. However, the study by Brix (1962) indicated that in lobloliy pine seedlings, respiration rate dramatically declined from the normal when needle diffusion pressure deficit (DPD) increased to 8 atm. DPD and XPP are indicators of the same plant parameter. viz., water potential (0.i MPa =I 0.98? a(m). Therefore, if the findings of Btix (1962) are applicable here, it is possible that pines subjected to treatments 1 and 2 at the Piedmont site were able to maintain predawn respiration rates that were approximately equal to those expected to occur in well-watered iobioily pines. Treatments 3, 4, and 5 would be expected to maintain predawn respiration rates as low as 60 to 70% of those in pines subjected to tteatments 1 of 2, perhaps resulting in decrea& gtowth rates.
On August 28, the day whi ptoduced the highest tecordeci stress levels of the experimental period on the Coastal Plain, there were no significant differences between treatment means @ = 0.05). Neither were there significant treatment differences on August 7. the last measurement day of the secondlongest dry period,(Juiy 30 to August 7). In fact. within each of these two dry periods, moisture stress induced by eiiminatiotrof ail vegetation within 1.5 m of the pine (treatment 1) was significantly less than that found under no-elimination conditions (treatment 5) only on the first two of four measurement days, as well as periodically throughout the experimental period.
Mean stress levels associated with the no-elimination conditions (treatment 5) generally were greater at the Piedmont site than at the Coastal Plain site. All pines on the more loamy soils of the Coastal Plain site were subjected to less drought stress than those on the more clayey soils of the Piedmont. These findings were not expected since drought periods were similar in length at both sites, but total rainfall was less and Occurred less frequently at the Coastal Plain site. it is themfore apparent that differences in edaphic conditions between sites significantly influenced stress levels.
Percent available water was determined on undisturbed cores to determine soil-moisture reserve capacities. On a volume basis, available water-holding capacity at the Coastal Plain site was 2.96%. compared with 1.68% at the Piedmont site. Thus, the Piedmont site had 43% less water-holding capacity. Periodic sampling of the upper 20 cm over most of the summer indicated the Piedmont soil had less moisture than the caicuiated wilting point, while the Coastal Plain soil had moistute . levels above the wilting point. Aiso, Coastal Plain pines may have had access to subsurface drainage water originating further uphill. Such flow would be facilitated by soil profile characteristics (i.e., loamy sand overlying sandy clay) at the site. Competing vegetation more quickly depleted available soil moisture on the Piedmont site and induced greater moisture stress in ail treatments compared with the Coastal Plain site. The most striking difference between the sites in response to a given treatment occurted with removal of only arbomscent vegetation (treatment 3). On the Coastal Plain, treatment 3 induced stress levels that were significantly lower than those of treatment 5 (no vegetation elimination) on three dates, but they were never significantly higher than total competition control (tteatment 1). However, on the Piedmont, treatment 3 induced stress levels similar to those of treatment 5 except on July 5.
There would appear to be two major factors contributing to the differences between sites in response to treatment 3. First, edaphic conditions at the Coastal Plain site would moderate competition-induced moistun stress. Secondly, the mean nonarbotescent biomass (also total biomass for treatment 3) on the Piedmont was more than twice that on the Coastal Plain (Table 4) , thus depleting soil moisture to a greater degree. A combination of these two factors is likely.
Exp!aining the re!ativeiy high stress levels associated with treatment 3 at the Piedmont site on a biomass basis is difficult. Mean freshweight biomass of nonatbotescent competing vegetation associated with treatments 4 (358 g/m') and 5 (512 g/m*) was greater than for treatment 3 (292 g/m'), although stress levels were seldom significantly different between treatments (Tables 2 and 4) : Explanation becomes more difficult when mean total fresh biomass for these tteatments are compared (292 g/m'for treatment 3,496 g/m2 for treatment 4, and 1257 g/m" for tnzatment 5, Table 4 ). Although these diffemnces in biomass of competing vegetation arc marked, sizable pottions of total biomass associated with treatments 4 and 5 were weights of limbs and trunks that transpire relatively little. Therefore, nonarborescent vegetation would be expected to transpire more than arborescent vegetation per unit fresh weight. Also, the foliage of the arborescent vegetation associated with treatments 4 and 5 possibly teduced transpiration rates in understory nonarborescent vegetation through shading, particularly in the case of treatment 5, and thereby partially reduced soil water depletion by nonarborescent vegetation. In contrast, essentially ail of the total competing biomass associated with tteatment 3 would be transpiring more &cause it was exposed to full sunlight with only minimal shading from the unit pine and trees outside the plot. The fact that nonarbomscent vegetation was more highly correlated with predawn XPP than arborescent vegetation on the Piedmont (Table 3) emphasizes the importance of nonarborescent species in the competition for soil moisture at this location. The low degree of correlation of XPP with ali parameters but total dry biomass at the Coastal Plain site supports prior suppestions that edaphic factors had a confounding influence on XPP responses to treatment. The very low correlation coefficients for both fresh and dry weights of nonarbotescent vegetation (r = 0.23 and 0.24, respectively) appear to support the suggestion that levels of nonarborescent vegetation at the Coastal Plain site were not sufficiently high to appreciably deplete soil moisture and thereby induce moisture stress in the pines. The fact that density and fresh weight of arborescent vegetation were nearly significantly correiated (p = 0.05) with predawn XPP suggests that arboms~nt vegetation was more influential than non- Treatment means of XPP measured at the Piedmont site during a 17-h period on September 27 are presented in Ftg. 3. September 27 was the last measuremem day of the drought which induced the highest moisture stress of the experimental perjod at the site. Minimum air temperature recorded during the day was 13°C at 0440 and the maximum recorded was 35°C at 1330. Sunrise occurred at 0536 and sunset was at 1735. The sky was free of haze and cloudless until approximately 1500 when cirrostratus clouds began to move over the area. By 1600, these clouds covered approximately 80% of the visible sky. Cloud cover was 100% by 1800.
During daylight hours, treatment means within each time period were not often significantly different (p = 0.05) from each other, whereas the change in stress levels combined for all treatments over time was highly significant (p = 0.01) between any two times of measurement (Pig. 3). The lowest mean needle XPP recorded during the day was -1.73 MPa for treatment 5 at noon, and treatment 5 usually induced the most negative XPP throughout the day. The only treatment which induced stress levels significantly lower than those associated with no-elimination conditions (treatment 5) during the 17-h period was elimination of all vegetation within 1.5 m of the pine (treatment 1). Treatment 1 induced moisture stress levels which were on the average 0.1 to 0.3 MPa less stressful than those associated with other 'ieatments throughout the day. However. the results of Brix (1962) indicate that net photosynthesis in loblolly pine seedlings begins to decrease dramatically at a leaf DPD of 0.4 MPa and stops completely at 1. I MPa. Therefore, assuming the results of Brix (1962) are applicable here, even though treatment 1 provided some lessening of daytime stress levels, all pines had XPP values suggesting a reduction of net photosynthetic rates to zero by 0900.
In addition, Brix (1962) found that as seedling needle DPD increased from approximately 1.4 to 3.1 MPa, respiration rate increased greatly. Therefore, during the highest stress periods of the day, respiration rates probably increased, thereby increasing the rate of depletion of stored carbohydrates. Such a depletion would be particularly important in those pines which were unable to carry on net photosynthesis during any period in the day.
Soil nurrienrs
Treatment means of combined June through October data for soil nutrients. adjusted for initial concen&ions, are found in Table 5 . Comparing adjusted means at the Piedmont site indicates that soil K concentrations in treatments 1 and 2 were significantly @ = 0.05) higher than those of treatments 4 and 5. On the Coastal Plain, soils of treatments I, 2.3, and 4 had higher adjusted K. Ca.and Mg concentrations than those of treatment 5. Also, Mn levels associated with treatment 1 wete higher than those of treatments 2, 3, and 5 at the Coastal Plain site.
Differences in adjusted cation concentrations may be due to both inputs 'into the soil from decomposing herbicide-killed vegetation in the plots of treatment 1 and higher rates of uptake in plots having greater amounts of competing vegetation. The latter is probably the more likely explanation because the plots of treatment 3 had higher concentrations of the above cations even though herbicide treatment was limited to within 0.5 m of the pine, and soils were sampled 0.75 m from the pine.
There were no significant changes in soil pH over the period owing to treatment or seasonal fluctuations. Soil pH averaged 4.7 It 0.2 and 5.7 rt 0.2 on both the first and last sampling dates at the Coastal Plain site and Piedmont sites, respectively.
Foiiar nufrients
Adjusted treatment means of foliar nutrients are presented in Table 6 . Significant changes (p = 0.05) in foliar.nutrient concentrations did not occur in a consistent pattern corresponding to degree of competition. On an overall basis, P levels associated with treatment 1 at the Piedmont site were significantly lower than those of the other treatments, and Mn concentrations were significantly lower for treatment I than for treatment 5.
These ~&t&s suggest that increased competition for available soil nutrients by the highest levels of competing vegetation did not signif~tly decrease foliar nutrient contents in the l-year-old needles.
Diameter growh
Pine groundline diameters measured at the time of treatment application averaged 4.0 + 1.9 cm at the Piedmont site and 3.3 + 0.9 cm at the Coastal Plain site and averaged 4.7 rt 1.1 cm and 3.6 rt 0.8 cm at the respective sites on September 4. Analysis of covariance and subsequent r-test comparisons of least-squares treatment means indicate there were no significant differences in diameter growth rates induced by a given treatment at either site during the relatively short interval between measurements.
ConcIusions
Moisture stress responses to treatment at the Piedmont site indicate than nonarborescent vegetation, when present in large amounts, can be at least as effective as arborescent vegetation in inducing moisture stress in 5-year-old lobloily pines. Control of nonarborescent vegetation within 0.5 m of the pine, in addition to removal of arborescent competition within 1.5 m, induced moisture stress which was usually significantly lower than in pines surrounded by undisturbed competing vegetation. Removal of only arborescent vegetation within 1.5 m of the pines, or removal of only arborescent vegetation from 0.5 to 1.5 m, often did not significantly reduce moisture stress below that of pines with undisturbed competing vegetation. The relatively high abundance of nonarborescent vegetation at the Piedmont site appears to be the major factor responsible for the relatively small benefit of removing only arborescent vegetation.
Responses to vegetation elimination treatments varied between sites even though total competing biomasses were similar. This emphasizes the importance of edaphic factors in influencing competition-induced stress. On the Coastal Plain site, the nonarborescent vegetation present in relatively low amounts rarely induced significantly higher moisture stress than that associated with elimination of all vegetation within 1.5 m of the pine. It is not surprising, therefore, that herbicide control of nonarborescent vegetation within 0.5 m of the pine following removal of arborescent vegetation from within 1.5 m seldom afforded significant additional reduction in pine moisture stress.
Results from 'a monitoring of diurnal changes in moisture stress suggest that during severe droughts the primary advantage of decreasing moisture stress by decreasing competition occurs during nighttime growth periods. since stress values were not statistically different between treatments during most of the daylight hours. Additional information concerning the effects of moisture stress on loblolly pine physiology needs to be obtained before the biological significance of small diurnal reductions in stress can be established.
Results also indicate that greater degrees of vegetative competition reduced available soil K, Ca, Mg. and Mn concentrations but did not significantly decrease foliar total N. P. K, Ca, Mg, Mn, Cu. or Zn concentrations. at least not within 4 months after initiation of control measures. Thus. reduction of competing vegetation during one growing season-influenced pine moisture status more than folk nutrition.
Test treatments only simulated actual operational and potential treatments of use in pine management. The various degrees of control were limited to within I.5 m of each pine and no attempt was made to control roots originating from outside this radius. Even with these limitations, plots of this size were found to be well suited for the present study. Examinations of root distribution described earlier suggested that most root mass of the pines was contained within the I .5 m radius. However, 1.5-m radius plots should be considered a minimal size for competition studies on similarly aged pine. Sampling pines spaced 3 m apart within 15 x 15 m or larger treated stands would be desirable for future studies. Possible edge effects
